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FIELD
[0002] We describe polishing pads suitable for the chemical mechanical planarization
(CMP) of semiconductor wafers. In particular, our description relates to polishing pads
synthesized to give spatial grading in material/tribological properties. These differential
gradings may be used to achieve custom polishing of various dielectric and metal fiims during

silicon integrated circuit (IC) processing.

BACKGROUND

[0003] Chemical mechanical planarization (CMP) is used to planarize individual layers

(dielectric or metal layers) during integrated circuit (IC) fabrication on a semiconductor wafer.
CMP removes undesirable topographical features of the IC on the wafer, such as metal deposits

subsequent to damascene processes. CMD may be used to remove excess oxide produced
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[0007] As a way of quantifying the role of these factors in a CMP process, a Stribeck curve
may be employed. By way of background, the Stribeck-curve is a plot of the average coefficient

of friction “f”’ vs. Sommerfield number, So [So = uV/p*d.s] and shows the extent of contact
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Mghgrcg}flpge%mblhty provide larger RR and harder pads with lower compressibility provide
lower RR. A softer pad experiences a greater shear force at the leading edge of the wafer during
polish since it is comparatively more compressed and thus creates a barrier that the wafer must
continuously overcome during the wafer’s motion. On a micro-scale, the pad asperities at the

wafer/pad interface are collapsed thereby increasing the shear force, components of both f and 8.
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combinations) have not specifically addressed the impact that chip pattern density, chip size,
complexity of architecture, and dielectric/metal process flow have on ultimate chip yield, device

performance, and reliability of integrated circuits.
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[0020] In a graded pad, the key pad mechanical properties like hardness, modulus amongst
other and physical properties like porosity are varied spatially. Several types of grading can be
conceived of which include patterns that can be classified as annular grading, island grading and
step grading. Many other grading patterns are possible depending on the type of operation. The
most appropriate pad grading for a particular operation is developed using simulation methods
based on parameters which include the wafer sweep and it’s residence time distribution during

CMP, coefficient of friction and other physical properties.
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DETAILED DESCRIPTION
Functionally Graded Polishing Pads

[0030] Described below are polishing pads suitable for use in the CMP procedure for
polishing silicon-containing wafers mentioned above. These pads having at least two areas on
the polishing surface adjacent the polished silicon wafer, having differing material
characteristics. The areas may be discrete and well-defined with clear borders. The areas may
be of a type wherein the material characteristics vary over a distance. Our polishing pads

comprise one or more polymeric materials that each may comprise one or more of the following:
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surfacaphaying the chvwragiéristios noted Bawl ar wei ght di stri buti on,

foo3z["" X%{tﬁxﬁ@? LuifaPlel o e a25c BRE i ggésemggo]@'dgﬁ{fiwe a wide variety of

polymefs- Peludifefsaclwliveds BsCpAPGEEHER
onposi {?ﬂoncnal;ebg@??fneed svvl tgﬁgt he? pg!)&% §%‘éb¥l§€ b&lr'?geﬁthe

Nylonig,o\qag.q;}gsr ptherpolyesters, golyaulfpne, yroloysipolyacetdlh end thedikeuThbse -
Polymfehpﬁfa%nap%dtth&r ERnSicATR 1%[a'te%| b?ftﬁfé%%ﬁ?na% 2l e& f‘ﬂ' Jhe fabrication of

crunb yneric- material's
the CME pﬁ@&&hofpomnerduhamshimdnapobf ﬁi‘nrsra:gb@ﬂiédaﬂcbxﬂﬁﬂiﬁonb BEusing these

e S B A S e o

the polyﬁ{eﬁc néAtEra enld ﬂﬁdeﬁltiﬂg%ys@élrpfr Sfesh Atk :ﬂ»go char c enstlcs of
characteristics noted here. 32] Mate

the vagigjs copgiteras and 'Eféﬂpmnmﬁriabhﬁ gg injerdolymet amaaaabumtsd@tween

vanouyé{eh@r?/acﬁfz Rk YBSsqy. 1 ncluding such diverse pol ymers
hane Iyyurea pol ycar bonat e, the

[0033]Ny | @ms,polylmareysgemﬂlbmnlgp@igylﬁ'&thlﬁrssxenﬁﬁb,}@giﬁem aﬂ@éddliﬂdércml

a and the || These meri.c materia
hlsm“pgé‘yet%@ﬁf @ £°P39“‘°rae‘l DIy SYEeRy gﬁhemlmyr pedysépefien
comprfséisot:%afe@hfdl}&iki b@?aﬂﬁnest@ﬁln%nﬂélq eteX b,%hnpé?&){fﬁgpg?lqng, more

chenistries course, be used. Formul ations
than 9Qyejof fsop yapates a’f?atoéliqnmdyS%‘é@@%% ey pr drp@en)dmeﬁmnednsocyanate

e e T e
Isocyapty @mabnqhntx)pempoﬁmt a§' héequ acassilinkinghad Atdrefboretardi®sdds well as
other pad compliances. The size and molecular weight of the polyamines/polyols reactants
contribute to the flexibility, low temperature properties, hydrophilicity, li ght stability and
processing characteristics of the resulting polymer.

[0034]) Chain extenders are often low molecular weight diamines or diols used to increase
urea/urethane content in the final polymer. They react with the isocyanate and become part of
the “hard segment” in the resultant polymer and often substantially influence the hardness as

well as the elastic compliance. Many available chain extenders will also modify process



the various constituent and conposite materials, e.g.,
inter polyner conpatibility between various areas,
woeearstonss2dy, and viscosity. [0033] One pol yner peyaiSesm/017638

having a significant scientific, engineering, and

commercial history is the pol yurethane and pol yurea

chem stry system These pol yner products often

conpri se isocyanates, polyols, polyan nes, chain

extenders, etc. Commercially speaking, nore than 90%
charagitritice eychreatgebtime end visemsity build-spc Yha sttang(lildthe vitimate product is

alo o pRkted CeO SRk AR A R tiBinang Siiigpatior Low

moleduw A irdldcBRB laje eff&ﬁ@@%@?@%@l&b‘{ﬂfelp@%dﬁﬂmm:‘é on a molar basis
nportant as, it leads _to crosslin % and therefore
8K

and eﬁ%ﬁt dnseensecissigiapee 9swebingelowpsmpenshie flarbBiy, anf grogessing kinetics.
nd I |

f003sf 0 TR &R0 WL pptoih B 200 BFAH €?¢1¥§“@§fp°lwms- They

are krtommpasr @) ‘tome shotl pehbiqes,, ant ylttr GpHitle shdty technigint. Figure 2 shows a |

T L UL K

diisody@iitéah@ G heédedea ethin ehttawicRese Mlixcdl Ml FedtkRdogether. However such a
I ncrease ureal/urethane content in the fipal polyne

processg diffigHtto apnirpl. tipsal copegnimations %fﬁ@%@éﬁolﬁéh?)&aﬁtl‘mmlxﬂﬁé and
e O B A 8 B i Syt

[0036¢ | asﬁlgureécahpWs anclematie dgpiatien ofabe evaz ktwit techmigee dEnesisocyanate is

pre-relpted i, B34 1B Hibebe RRE PR diarmufel it € IoRA 2 ighumolepylar weight

isocyaate, Wipssallg khowhR ds the*BRepollhfr.3 tTIES Qindtidaliz&Eprepbliyinet 8 then further
product is _also often affected. Crosslinkers are

reacteéwaﬂu@mq%@ ALiYSS el exiradgtsito serapletpihe peliatea/pglyurethane
o TP BELL Gty PSR 65 04655 bt epprares
oﬂenﬁﬂhenMgthh@ahﬂduoaglstance to swelling, |ow

[0037i Ogglg l?eegéﬂ%n? {hls{ é%igo?%ﬁ% O(*%S%fygmn Kl Q feigllpgtspolymer such as
the pdclﬁ{réfﬁlnf‘ét dr"iﬂlﬁ@éa\’tﬁﬁt@ﬁﬂ@ﬁ sYiks&d fﬁ@ﬂ'h%%ve Shey céth é&"t@rﬁ'ﬂ‘)r more

@m(‘l) oneé shot" technique,” and the (i1) WO

dlfferm; Goiples wq;glg pragugt mllmtha)es og ph]gnﬁ[aqs matgtialsiin thedifferent areas on
|que In summary, the conponents (e.g., a

the pqﬁl%hggﬁgl E diol, a diisocyanate, and, as needed, a

[0038F hai Tmsawtpézmiebr) ofis pambf(mdthadnjfot pmmmgq)og/atdnm,e or polyurea

ver SUucC rocess | cult to c trol
materia o s TR S e ST el thi TEDaRpS g 2s an example
for pl4Bing Sthér RMEmers ; ﬁﬂﬁh@ mth@sﬁm gr&dRatpadd. SHERBA EXERSp1E Sfodld not be
in wdely varyi pol ynme product characteristics.

COHSNF@@B@]MFWQQ}K@QN hmeafﬁw@mmu@ depi ction of the two
shot technique. The isocyanate is pre-reacted in a
first step with the long chain diamne/diol to forma

Multipile diyectivheoldaitg wei ght

[0039] Another variation of the process for making functionally graded pads comprises a

process known as multiple point injection molding (also called coinjection sandwich molding).

Multiple injection molding is a sequential process in which two or more polymeric materials are



i socyanate, typically known as the "prepolynmer." This
functionalized prepolyner is then further reacted
woi20d5/00020n ne/ di ol curatives or chain extender 8CTas2004/017638

conpl ete the pol yureal/ pol yurethane formation. This
process is nore easily controlled but requires higher
processing tenperatures often in the nei ghborhood of
100C. [0037] It should be apparent that our polishing
pads may conprise a neat polyner such as the

utlhzﬁb hyweedr kacteofdhe mateym)rseamymtednntal the motcbalslshﬂet]en@tme This process

differe | ecul ar
s ity oo dt e Ry Bk reo B e SSCT ARG o 1 n
[004Q}he Ahkanseiof apered@s forl dyRhBEing RitWe-asdar draded. paB @@ﬁﬁauwo
hi s explanation of a pair of nethods for producin

differgef| pplimesriscaeEnositions §f9rué%d on s e s ikl AsShoPE R Eigure 4, 2
o TP A A0, 086, REL S ompe
outersmghhasn plaoéd yraastechdoadlel. andtichceater eﬁﬁmplaé rigp aathen filed with a

consi dere s.alinmtat n
secorghpoLyTRR SOt SBREATI AR POk et OBsoTersy {3 ifferent
mater{#1§ h@h‘s&f‘sdﬁmﬁh@h@k&ﬂﬁ%pi&&hﬁﬂ kb d digtict fgRInk kbr areas of different
gr aded J% ds conprises a process known as nult

(meclquai andphasicr @rqmrtms@mpen bopdingiat b nétélif?ﬁem‘m?n the two materials
may 1%@'& ?&]}tl b iAkiats thit vﬂ# &ﬁrﬁ)ahﬂie%m &h %ﬁleF' S&thl ififoRmation is
uential process in two or nore polyneric
readﬂyatveﬂabaé 1 the eperdlitt@n2Q0bt G 5L SorREEbIEE bErYeen PEG golymers is
tilized, however each of the materials is injected
usualfy99di he ol d at a different time. This process is

[004di T f A8 Methddihy BEuddd 6 iidrth graddd ;ﬁlde wiithjresrt iR tWolacdas gnd with
process descri bed bel ow. [0040] exanpl e of

morephasc@@ueps Brrtagrnibkanethpdhgay be mﬁdarp @aluev%wtﬁp%a@m% paftern from
the 511 Test %({# el %ﬁLPéH %ﬁ%ﬁgz{r%&g%ﬁ R5tht hRJABcH e)yérﬁfjmn&ﬁﬁ of {)atterns.

1 area own in Figure 4, a firs
[0042]ut eFigaresl aad 6 sl aford drempledpatermsods caay hmacge using this process.

L din roces The ¢ | ete
The Gra AR LIRS | (B BE00 AL oGNY CLIRE ABRY Eprmg(orfadersso that
neithBbIyth&dnvaeb flféfbtﬁér1 slspabeMTh coss-SR4RA Endldd orfeFmLare removed from
material . Said again: in the first and second nolding

the pgttle%gmoldmd pad pferrthp pne erthe pihsr of the eegiansas 8Bed-hat i n

o0 SR AP0l TSl of N ofin a0,

a varjetyogfhbéensaredRr Q)\Ués (202,2003n @O@tand lﬁlag (2ﬁ5e)r ha@eh béthne‘@tﬁd areas, the
the two nateri al re ct.ion

respectiv polymgers &P‘aﬁlaﬁaf:%f)% n%}/ffeﬁerg tﬁle types ﬁhscﬁ? o{i %?V% oF at least two

dlffehﬁ% o8 Aighi, A JabBing may Heha@hleﬂﬁl’b}} iy @lpudpkiate mold geometries.
Interfacial conpatibility between two polyners is

Multiple live-feed (or in situ) injection molding

[0044] Molds including multiple in-situ injection ports may be used to make a graded pad. In
this method a mold is selected at least two ports, generally independent, for injection of polymer.
At least two different polymers are injected through the ports during the same injection step,
often at the same time, to fill the mold. Depending on the grading requirements needed for the

pad, the usual polymer engineering calculations may be used to calculate the fluid flow and heat



usual |y good. [0041] This nmethod may be used to form
graded pads with nore than two areas and with nore
woOheos/obesa9 st eps. Further, this nmethod rmay be uBed/use004/017638
achi eve any step grading pattern from the sinplest,
nost well defined annular patterns to the nost conpl ex
and random of patterns. [0042] Figures 5 and 6 show
nore conplex patterns as may be made using this
rocess. The crosses shown in Figure 5 (as region 2)
transfgy eeelpth & gelsgtiaraispprohrpe dnjediompots aidefdajestiaoflavhetes for the

he other's space. The
dlffergﬁéjt @%?{Q%ég%q gs or%?)o&rrrs are renoved from the
[0045@ar t Flghfey7 @M?&gﬂﬁ@gggggﬁadeﬂqbomﬁﬁerfpﬁd {he) piabensing th}ishﬁ‘ocess by
ns i.s fille non- r egul ar
1nJect§gta @r[s MWPSI}. cgnéléq({i ?r,pgnpgfﬁgz ]@[Q/Bf Bg} V@wﬁﬂ@ s%taneously injecting
aseccﬁﬁiﬁ)ymerﬁ: M%hﬁtﬁ/on@thefcegt%ﬁn areas: ovals (202, 203,
204) ‘and flag (205). In each of the noted areas, the
respectlve pol ymers may each be a different polyner(of
Blocktcn) o es di scussed above or at least two differing
in, such patterns may be achi eved by using
[00464pp rA[bﬂo(ﬂttdBpm;’hﬂr seeninal 86 used\Wi ptddakea lgtaded &k FFif@re 8 shows a
[ ectl op nol di ng [0044]. Mol ds i ncl udi ng

t
Phaser%&srélal%sﬂr ing, {2 fuRpdonaf ‘é(ﬁyﬁb? feéathB cysentie ok cepglymer
comp84iBEEEhs RRdrelakife o4 @ﬁtlﬂ@ﬁt@%d%é@yﬁal SR8 @ BEP, etc.) of the

| east two ports, generall’y indepéndent, for i nj ect’ion
final pypdyss| mf.tttam a/gradafigs in mmperaps, ﬂeermp%@bywéﬂ@ bdoak copolymer is

graduél?%gﬁé %nen 0 %J]eﬁglgﬁﬁéttg 8’1%6&?194 ﬁ(’ﬁ}%ﬁg 1§ t{hge%tecll $%he block

copoljﬁaplebbdzzpagalmrlhim Beasahe gecuetreariths Yhepdecr BYis chaiging

b B LB e RS Ho b P
in phﬁﬂﬁﬁﬁl@ﬁ%géaslﬁgﬁ/s KRdRAE/ AIAASS potdsh @fﬁohﬁ%ﬁqgﬂo‘flﬂ bf A or B),

sel ection of appropriate |nJect|on poi nts and
roughpefiseandasperityow rates for the different pol yrrers bei ng

[00471 gﬁ té;%h:fgiﬁérg hgpdngss (érg)cpa?' gJ}s rﬁ' HE & kﬁi‘%?%ﬁggqr&the coxilchengatlon of

the mpleadasmitspf therlqlmktdopglymef overtdlsmicy gikce tHeawo tisledildr@&hits A and B

BTN IR T ———
struct@@ pr&fuceBhPL FesEl0BOhY E&hﬁosﬁ‘@gﬁﬂelﬁoﬁklﬁﬁ kh&RPRI HPRE 9 creates

system may be used to produce a graded pad. Figure 8

addltl@‘l?é\md gontyshigble variatipna in plomsicebgarametersn a f unct i onal
[0048!'ay Mgﬁgulgueiu?{s sﬁ{ﬂ%@é Rr l?l?ets%\@go%g/cﬁlﬁgs ﬁk/&?%lgﬁrﬁg@ %ﬁgfwrs include

t1ron rel const
such matgsdlabs styrene tisopecneBiiEaditkePprethianey/uieh, 1bh@ chain diols and diamines,

etc.

Gas assisted injection molding

[0049] A method to produce a graded pad having included microporosity would be to
include a gas during the injection molding step to achieve functional grading of porosity in the

polymer polishing pad. Gas may be dispersed into and injected into the mold from different

10



final product. To attain a gradation in properties,
the conposition of the block copolyner is gradually.
wolens®0iza a control l ed fashion, the differencecrmns2004/017638

geonetry is achieved in the block copolyner by

spatial variance. Because the geonetry and the % of (A

or B) is changing spatially, as well as the fact that

A and B are different units - the variance provides a

gradation in physical properties such as hardness,
portsipdudifisrenp e sites/in(dger do pitain gradingrolheiresfiting pﬁd vBJl contain differing

ec ] rdnes

amo%?%(%gplaggesd %ﬂg’c @Z@gﬁ%#%\r}{g é?il:}\x}gfe ) Jilfﬂ}efe%ce o har ness or dsens1ty

concentration of the nDIecuIar units of the block

R copol.yner over distance since the two nol ecular units
-glﬁrgﬂﬂéﬁk—ggéﬁﬂﬁgbihke the pad will be of different
[0osdjar d P§§§ul\éﬁb&§§xeng Bfstdhey (@Y %olﬁ&hé’rﬁﬁj zﬁ'E bRndyle fbrrﬂ?lhﬁllg steps

structure produced ‘as a result” of onposi tiona
using thg Bﬂlmﬂ%lmlqjles Ho s meldingproges, msteaci e@n}ﬁdtmg proviahislpsyhthesized

t v Saibl h |ca r amet.e

polyxﬁ)grg ﬁlg J)r?sl?uu%ln 12(5%03% exflals a%(i%pg rfag% agss ﬁ n%mg agenQS ?J g,
glycdroly ai wenl gs thlemtqamgnglemaaﬁ@ chdit Extefdersare hddat Silithd ®s@lfing mixture

re iSO but adi en ureth nes/ ur ea,
is POMgzefﬁ‘g BOIEE. TRdnake drarited pad ampltpleoris i wed o inject two or
moreltARG nfhofeti ufigs GAP @(%esﬁoﬁ@ﬁé‘é}gllﬂ Q}(ta{&péﬂ tFachidle tion in
pad having included mcroporosity would bé to incClude

chemicadgigucirei Grgdativa in ﬁ}l@rmcakﬂﬁrunbllr@wﬂgresmlépl gradatiohiof the mechanical and
gradi ng of porosity in the polyner

phymcgﬁﬁéhlnggpad Gas may be di spersed into and injected
[0051]nt o Byyhkfferohtthlfyraddingittie mosotherd @ WO THIBHBEA may be used to

PCT/ US2004/ 017638 ofts wth dlfferent l.ow rates in
prodge isp SreieERd 3 V&fflh%- tﬁ@%ﬂfﬁé‘ov%ﬁ fi}sra'gss&%abq;om |

contain differing anounts of included gas at

differing p0|nts and achi eve a difference in hardness

ﬁkﬁﬂﬁﬁﬁwﬂﬁﬁ’lEEactlon i nj ection nDIdlng (RIN® [ 0050]

ar t r S re.

[OOSij B lﬁlsﬂl n'ﬁg u?%eorf 881 ee%sts ﬁlgﬁ}éelgvg é)%?lh%tg%loﬁ}l ﬁlﬁ(?eé ghaps in layers,
in an hn]ectti’unsnasidinglpr@eﬁmm G&«Sﬁas thﬁ@tchﬁ:dssaﬂ aboyep polisheng pads havmg the

VIOUS| ntheS| yner e, constlt ent
gradesharcieristoraareradic %r ﬁ‘%ﬁ é’f UEgSUTRIRR }ﬁsgcal mixtures of

polyrA&€ I direcCarfil easxlsgllpfﬂi%& & éhaﬁgm‘é‘%lefnaﬁés Jﬂi‘;ﬁ al pibduct. | THE resulting
agents and chain éxtenders are added and the resulting

gradagipR pfjppertiss ol heregoppding toHhe mepkrniiahand physieakehagacteristics of the

lnmvﬁﬁggﬁﬂ , multiple ports are used to inject two or
Vges of nmononeric units (and correspondi ng chain

[0053 xt eltlsmsdthddocaadéudeay enigrod ciabinqiradanion.

Microcellular (Mucell molding)

[0054] In this technique the polymer fluid being molded is mixed with gas in order to form a
solution mixture. Utilizing two or more such solutions with different chemistries will lead to a

gradation of both the mechanical properties and the porosity.
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chem cal structure. Gadation in chemcal structure
Wil result in gradation of the nechanical and
wohyasiooed2o properti es. [0051] By differential |l yraudiSna4/017638
the nononers to the nold, this nmethod may be used to
produce step graded pads as well as the continuous
pads di scussed above. Lanellar injection nolding
[0052] By using mixtures of polymers that have been
previ ously extruded, perhaps in layers, in an
[0055] nj eThé goal nﬁumhngw@glpd@bmﬂmoea Shthprasesshotaldivsdiffesatregions of the

wafer%ﬁove ip ﬁqus rl]% ggp%éj g clillgf'érggg%}%)geen el rogxg \%gg}w (?f)lyar[;eé &aj% Im a selected

mann8t, FBt ExaBNS iicahy pé Bédéﬁ@lil R thekef peritetes oflihe @i‘dferaﬁ de exposed to
easi |y applied to changing demands upon a produ

the sofigpragians of thegpad yrhgesdbe & t)@palmh%é’?qcp asshigher| thaglethe harder regions of

the pa‘ﬁg g?%"g‘lt‘%‘?‘.sé‘?‘f E%?gg%%ﬂ% gmg{]ﬁég{oﬂsl%trhg wafer tg 313]6 exposed to

the heifthersegmnsmfdh@pzrd toaealiev®da mghcrqdmauzanq;ﬂanwm SJnce both the wafer and
crocm

the pad s i G Bty ﬁ%taé%fr yﬁ%hatquﬁ guﬂ%%ﬁ%% itghst ULiRs these ggpge polymer

pads ﬁ%njtﬂc@dﬂ@ftb t@ideftdfirBe dBAIDUtbO hodtls bl addidvk isihlgneous local
or nore such solutions with different chem stries

and qubm plpragiation. 4he giateaial Tearpvat rafo fipfeethat ynBiOpigR &) dlshmg of the

vt BRI ST PR oy IR AIERy ot oy

[hardpeasd, doorplian@NParpryeisa pireperigesdporowizdi& flemsii aspenfieshef tbf: Pad
e ol SRR B g R R Dot pic

pad plRfieess alEﬁwlngﬁﬁlb?@b@nentbftmye oprtbgpatomings. for the
outer perinmeter of the wafer to be exposed to the

softer regions of the pad where the frictional shear
force is higher than the harder regions of the pad;
in conparison it may be beneficial for the inner
regions of the wafer to be exposed to the harder
regions of the pad to achieve a higher planarization
| ength. Since both the wafer and the pad are in
notion (rotation, oscillation) during any CMP process
usi ng these graded polynmer pads in conjunction with
residence tine distribution nodels woul d achi eve

si mul taneous | ocal and gl obal planarization. The
material renoval rate, defectivity, erosion, and

di shing of the wafer and the effective planarization
| ength of a CVMP process depends upon the | oca
tribology [hardness, conpliances] and physica
properties [pore size & density, asperities] of the
pad



material. Qur functionally graded polishing pads
permt choice of the |ocal and gl obal physical pad
woao@metees al | ow ng i nprovenment of these CVP PCT/US2004/017638
shortcom ngs. 12 WD 2005/ 000529 PCT/ US2004/017638 WE
CLAIM AS OUR I NVENTION: 1. A functionally graded
pol i shing pad for a CMP process conprising a polishing
pad having a polishing surface for polishing a
silicon-containing wafer and configured for use in a
CVWE (B AINMIAS OURENSENTION: pol i shing surface is one
pi ece, substantially flat, and conprises at |east two
areas having differing physical characteristics. 2.
The. f unat fuadtadnaiy graasefolRftdesat ' isi ishi
wher ei n at_leasty?mn a?%asrﬁ%@g@&g?ggﬁeIggsghﬁgé??%%?pOhﬂnng
pad having\a pelighing syrasq fpr pelishing qrolicontiontpining wafer ahdiconfigured for use in
' - | " S ach conpri a )
o OBl in AR BRG]ty g comprises a
leastftwocrdas havihg diffeaig gphpsitdl sharagersds.of cl ai m 3 wherein
the at least two areas each conprise a different
polynmeric material having different physica
paganet hé fiBAondI§eided palistil P JFRIMBE \WhdEinak R3S two areas have
. conprises mxtures of the compositionally different
discrgte Boydaries. materials. 5. The functional |y graded
polishing pad of claim1 wherein at |east one of the
at least two areas is annular. 6. The functionally
g ; 3d (;_‘1 d ‘Pod fulslhtiimgllp gthded polishiny ﬂad\d_ﬁ'elraﬁhg \ﬂl;eréi_?_ﬁﬁé atQEWst two areas
of the at east ..areas is an island. 7. e
each Comp PF%%&?‘P&’,"%P&&@%&%W% RPREeHS @RI ai m 1 wherein
the at |least two areas each conprise a different

polymeric material having different physica
pat-amet Ehesfuneipnaly geadad pelishingnad @é clatm Goviravein theoat least two areas

- - 1 S5.a step change. 13 .
cach S S S BBl 83 i B GO Bmfe a8 whren
a regpmabbtieqpahé sieanepopaibeniixtines of the wb@pedifiondlly dafferb@adlymeric
Hmmtg@ areas each conprise a different polyneric materi al

Ha ing different physical paraneters and wherein the
change in conposition between the at |east two areas

i's_a continuous chan%e. o :
5. The functionally graded polishing pad of claim 1 wherein at least one of the at

least two areas is annular.

6. The functionally graded polishing pad of claim 1 wherein at least one of the at

least two areas is an island.
7. The functionally graded polishing pad of claim 1 wherein the at least two areas

each comprise a different polymeric material having different physical parameters and wherein

the change in composition between the at least two areas is a step change.
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9. The functionally graded polishing pad of claim1
wherein the at |east two areas each conprise a
wdaizbdsaoend pol yneric material having different ppingsemaini7e3s
parameters and wherein the pad is circular with an
edge and a center and the edge conprises one area and
the center conprises another area and wherein the
change in conposition between the edge and the center
is a continuous change. 10. The functionally graded
pel I shiThg ﬁnﬂdormﬂlycgraiempblisiﬁmgipmmf diaimt hehgemdbsat ledst two areas
entl t|on no| di east t

GBS B S5 P, B A PORBR hori

the chfah'g&h'cgﬂﬁbélﬁong)é’l%% Pelat BRitNEo RAAs &fa Edn@ihiBds cBiSJCgéUC ed
by the process of sinultaneous injection nolding of

at least two polyneric conpositions to formsaid at

pgast tfﬂ@ fun%g&ga?ly (ﬁ]’%}eﬁﬁ?ﬁ\s’\lﬁgggéd M1 1 $hadfdne ?t lte'%sé two areas

i shi'ng pa n at least one o
each cﬁimprise asdlffemt iy mateciahtpoig d1ffa@nqﬂrypichls;msametbds @od wherein

13. The unctlon rade olishin
the padqis er%l%wm?d@ﬁ And,f cenigran &h% 3 <on H’é’“ i OW&%%“B% center
conlpH%sMbFarEaPMhél EiRMRe GRRBS InS@MpdsiioR bKtweeR ee)odBe and the center
having differing constituent polyneric conposition in

is a cotipupisgdiRnggopol yer over di stance. 14

10.  The functionally graded polishing pad of claim 1 produced by the process of
sequential injection molding of at least two polymeric compositions to form said at least two

areas.

11.  The functionally graded polishing pad of claim 1 produced by the process of
simultaneous injection molding of at least two polymeric compositions to form said at least two

areas.

12.  The functionally graded polishing pad of claim 1 wherein at least one of the at

least two polymeric compositions comprises a block copolymer.
13.  The functionally graded polishing pad of claim 1 wherein at least one of the at

least two polymeric compositions comprises a block copolymer having differing constituent

polymeric composition in the block copolymer over distance.
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